Theoretical calculations are reported for energy levels and transition probabilities of the K-shell excited sextet series states are also systematically calculated and discussed.
Introduction
In recent years, a large amount of data collected by space-based observatories, such as XMM-Newton, Chandra X-ray observatory and Hubble space telescope, highlighted the need of accurate atomic data for the investigation and classification of the spectra from astrophysical plasma [1] [2] [3] and laboratory plasmas [4] . In light of the high cosmic abundance of sulfur [5] [6] [7] , many researchers have earlier investigated transition data and spectral lines from sulfur ions experimentally [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] and theoretically [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . In laboratory measurements, most of the earlier published work on the spectra of low-lying multi-excited states in sulfur ions was obtained by beam-foil spectroscopic technique [8] [9] [10] [11] [12] and laser spectroscopy technique [13] [14] .
Then, with the development of the electron beam ion trap (EBIT) and heavy-ion storage ring technique, some accurate experimental transition data from the K-shell excited states of sulfur ions were reported successively. For example, using the EBIT installation, Urrutia et al. [15] performed a precision measurement of lifetime for 1s2s 3 S metastable level in S 14+ ion. Ali et al. [16] firstly reported the KLn dielectronic recombination cross section by observing the x-rays from the trapped ions. Yang et al. [17] reported and classfied 54 spectral lines from highly ionized S IX-S XIII in the wavelength range 170-500 Å, in which 22 new lines were accurately measured. In 2012, Schippers et al. [18] measured the hyperfine-induced 2s2p 3 P 0 → 2s 2 al. [20] identified the experimental lines from the double KK excited states in highly charged sulfur by the Pelletron accelerator facility.
Several theoretical calculations of energy levels and transition data for sulfur ions were also reported in the literatures. The theoretical studies include the configuration interaction (CI) method of Ho and Henry [21] and Tayal [22] , who used the CIV3 code; and the work of Galavís et al. [23] and Elabidi et al. [24] , who employed the SUPERSTRUCTURE code. Liang et al. [25] [26] calculated the electron impact excitation data for highly-charged sulfur ions [25] for Na + to Kr 26+ including S 6+ and [26] for S 8+ to S 11+ , using the intermediate coupling frame transformation R-matrix approach. Chen et al. [27] [28] calculated the K-shell Auger transition energies, transition probabilities, and Kα x-ray from the sulfur ions by the multiconfiguration Dirac-Fock (MCDF) method. Using the Relativistic many-body theory, Nataraj et al. [29] carried out the calculations of the weighted oscillator strengths and the transition probabilities for a few low-lying transitions in S
11+
. By the 1/Z perturbation theory, Safronova et al. [30] performed the theoretical calculation of absolute energies of the autoionization states ls2s 2 2p n and ls2p n (n=1-3) for ions with nuclear charge Z=6-54. The energy levels, oscillator strengths and photo-ionization cross sections for sulfur ions have also been studied by the R-matrix method [31] [32] and relativistic Hartree-Fock (RHF) method [33] [34] . Because of the strong electron correlation effects and the computational instability, most of the previous theoretical literature concentrated on the low-lying states of surfur ions. The studies focusing on the high-lying states, espcially for the K-shell excited high-spin sextet Rydberg series in S 11+ are scarce. It motivates us to study these high-lying sextet series in this paper.
In this work, we calculate the energy levels, fine structure splittings, oscillator strengths, transition probabilities, and transition wavelengths of the K-shell excited Good agreements between length and velocity gauges of oscillator strength are obtained, which indicate that the calculated wavefuctions are reasonably accurate. The transition probabilities and wavelengths for these sextet states are also calculated and discussed.
Theory method
The non-relativistic zeroth order Hamiltonian for a five-electron system is written as
The bound state
where A is the antisymmetrization operator and the radial basis function is Slater orbitals,
A different set of nonlinear parameters j α is used for each angular-spin component. The LSJ coupling scheme is used to calculate the fine-structure splitting,
The fine-structure splittings are calculated by we can obtain the non-relativistic energy of the inner-shell excited sextet states,
. The relativistic corrections and mass polarization effect are also included using first-order perturbation theory. Then the total energy is
In (m) (m=1-7) sextet series, the configuration structures are identified by the similar method. Furthermore, the fine structure splitting is senstive to the orbital-spin angular momenta, so the assigned configuration structures of these 6 P e,o series could be further verified by the fine structure splittings.
The fine structure splitting values for the 6 P e,o (m) (m=1-7) sextet states are given in the last two columns of table 2,. In figure 1 , the change curves of ν 2.5-1.5 and ν 3. 
Conclusions
In present work, we reported the calculated energy levels, fine structure splittings, and transition parameters of the K-shell excited sextet series 
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